Bovine mastitis commonly affects dairy cows during the perinatal period, causing extensive economic damage to dairy farmers \[[@r1],[@r2],[@r3],[@r4], [@r10], [@r12]\]. Mastitis results from an inflammation of a mammary gland due to infection through the teat and subsequent colonization of pathogens. *Staphylococcus aureus*, *Streptococcus uberis*, *Escherichia coli*, *Klebsiella pneumoniae*, *Mycoplasma bovis* and yeasts are well-known mastitis pathogens. Effective mastitis prevention depends on accurate identification of the pathogens responsible for infection \[[@r3], [@r15]\]. These pathogens are typically detected by cultivation on an identification medium and by biochemical analysis \[[@r8]\]. However, effective prevention of mastitis using traditional detection methods is difficult, as pathogen identification is time consuming and sensitivity is low \[[@r12], [@r14]\]. We previously developed a molecular assay using a DNA chip to detect mastitis pathogens \[[@r6], [@r13]\]. To ensure that a molecular assay is sufficiently sensitive, DNA extraction from the pathogens needs to be both efficient and have good reproducibility. Current techniques used to extract DNA from pathogens in milk require numerous specimens, involve a cumbersome concentration process and employ a lengthy enzymatic cell lysis step \[[@r5]\]. In addition, no extraction method for mastitis pathogens has been developed to date. In this study, we report the development of a rapid and highly efficient DNA extraction method for mastitis pathogens, including Gram-positive bacteria, such as *Staphylococcus aureus*, which have a thick outer cell wall.

Eighty-one milk samples from cows with clinical mastitis were obtained from dairy farmers in Hokkaido, Japan. The milk was collected aseptically in a sterile tube after cleaning the teat with cotton wool containing alcohol immediately after milking. The collected milk was stored at −80°C until DNA extraction. Mastitis pathogens in milk were detected by the cultivation method \[[@r7]\], which involves spreading 20 *µl* of milk on 5% sheep blood agar (Becton, Dickinson and Co., Franklin Lakes, NJ, U.S.A.) and then incubating the plates at 37°C for 24 hr. Pathogens were identified using a BBL Crystal Gram-Positive Identification System (Becton, Dickinson and Co.), and 14 *S. aureus* strains were selected for further analysis. A summary of the DNA extraction process for mastitis pathogens is shown in [Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Flowchart of the improved DNA extraction method.. In order to extract DNA for comparison with our method, we used a FAST ID Genomic DNA Extraction Kit (Genetic ID NA, Inc., Fairfield, IA, U.S.A.) that employs proteinase K for cell lysis. The loop-mediated isothermal amplification (LAMP) method was then used to evaluate DNA extraction performance \[[@r11]\]. The LAMP reaction was conducted in 25 *µl* of reaction mixture containing 1 *µl* of template DNA at 61°C for 60 min using a turbidity meter (LA-200, Teramecs, Kyoto, Japan). The following six primers were used for the LAMP amplification of *S. aureus* DNA: FIP: ACTGTTGGATCTTCAGAACCACT-CTCAGCAAATGCATCACAA, BIP: GAACCTGCGACATTAATTAAAGCG-TCTGAATGTCATTGGTTGAC, F3: ACTTTAGTTGTAGTTTCAAGTCT, B3: GATGCTTTGTTTCAGGTGTA, LoopF: TCTATTTACGCCGTTATCTGT and LoopB: GTGATACGGTTAAATTAATGTAC.

First, we evaluated the sensitivity of the LAMP reaction for detecting *S. aureus*. The threshold time (turbidity: \>0.1) depended on the amount of DNA. We calculated the copy number of *S. aureus* genome based on a genome size of 2.8 Mbp and the amount of DNA by measuring the optical density at 260 nm. Experiments using DNA copy numbers of 10^4^, 10^3^, 10^2^ and 10^1^ had threshold times of 21 min, 24 min, 30 min and 36 min, respectively; tenfold differences in the DNA concentration corresponded to a threshold time of 3 to 6 min, and sensitivity was less than 10 copies of DNA. We then evaluated the distribution of pathogenic bacteria in milk using the LAMP reaction. The milk separated into two layers after being allowed to stand in a test tube for a while. The upper fraction contained large amounts of lipid, and the lower fraction contained a watery substance. The amount of pathogenic bacteria in the upper layer, lower layer and thoroughly mixed sample was measured using *S. aureus* infected milk (7,950 cfu/m*l*). The turbidity of the LAMP reaction mixture began to increase at 41 min, 46 min and 44 min, respectively, suggesting that a large number of pathogens were present in the upper lipid-rich layer. Traditional extraction methods often remove lipids from milk before DNA extraction, as lipids can inhibit enzymatic amplification in PCR and LAMP \[[@r5]\]. However, we considered that extraction efficiency could be improved by performing cell lysis before removing the lipids. The bead-beating method for DNA extraction from pathogens in milk was originally developed for extracting DNA from spores that have a hard covering \[[@r9]\]. Since this process was also effective for lipid dispersion in milk, we incorporated a bead-beating step into our DNA extraction method to disrupt the bacterial cells in the milk samples ([Fig. 1](#fig_001){ref-type="fig"}).

Since extraneous protein is also known to inhibit PCR and LAMP reactions, effective removal of protein and lipids is considered to be important for improving the sensitivity of assays that detect pathogen DNA in milk. We therefore used acetic acid and ammonium sulfate to purify DNA extracted from milk. *Staphylococcus aureus* infected milk was used to evaluate the new DNA extraction method ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Effectiveness of bead-beating and incorporation of acetic acid and ammonium sulfate addition to the improved DNA extraction protocol.). Bead-beating and centrifugation steps effectively separated lipid and protein components as a clear supernatant was obtained in all of the samples. However, the addition of acetic acid and ammonium sulfate to purify the DNA resulted in the formation of precipitates in the samples. Centrifugation alone was insufficient for removing lipid and protein from the samples. We then compared the DNA extraction efficacy between the Fast ID kit and our new method. The turbidity threshold times for the Fast ID kit and the new method using *S. aureus* infected milk (1,280 cfu/m*l*) were 43 min and 32 min, respectively, confirming that the new method for extracting DNA from the Gram-positive *S. aureus* in milk was more effective than previous methods. The effect of adding acetic acid and ammonium sulfate was then evaluated using *S. aureus* infected milk with different bacterial titers ([Fig. 3](#fig_003){ref-type="fig"}Fig. 3.Effect of acetic acid and ammonium sulfate addition on sensitivity of the LAMP method for detecting *S. aureus* in milk. \*Substitution of bead-beating step for proteinase K treatment with the Fast ID Genomic DNA Extraction kit.). Using the modified Fast ID kit, in which the proteinase K lysis step was substituted with a bead-beating step, one-third of the *S. aureus* infected milk samples tested positive for *S. aureus* DNA in milk. Two-thirds of the samples tested positive when either acetic acid or ammonium sulfate was used to purify the DNA, and all of the samples tested positive when both reagents were used to purify the DNA, indicating that using both reagents is optimal. The new method is thus considered to be very robust and well suited for extracting the DNA of pathogenic bacteria from milk.

Finally, we examined the effectiveness of the new DNA extraction method on fourteen *S. aureus* infected milk samples (2 × 10^2^ to \>5 × 10^4^ cfu/m*l*). All culture-positive samples tested positive using the LAMP method, and the lowest detected concentration of *S. aureus* was 200 cfu/m*l*. The new DNA extraction method described here was both quick and effective, requiring less than 30 min to perform, which meant that sensitive and robust milk sample analysis could be completed in less than 90 min.
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